Along with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 24 unsubstituted polycyclic aromatic hydrocarbons (PAHs) were evaluated for their ability to induce 7-ethoxyresoru5n-odeethylase (EROD) activity in the rainbow trout liver cell line RTL-W1. When the duration and cell density of exposure were increased, the EC 50 for EROD induction was relatively constant for TCDD, but increased for PAHs. Regardless of exposure conditions, EROD activity was not induced by 9 PAHs: naphthalene, phenanthrene, anthracene, pyrene, perylene, acenaphthylene, acenaphthene, 6uorene, and 6uoranthene. Two PAHs, benzo [g,h,i] 
INTRODUCTION
Knowledge of whether a chemical contaminant induces 7-ethoxyresoru"n-o-deethylase (EROD) activity in "sh can be used in ecotoxicology in a number of ways. In "sh, EROD has been found to be a catalytic measure of cytochrome P4501A1 (CYP1A1) (Stegeman, 1989) , and recently, also of P4501A2 (CYP1A2) (Gooneratne et al., 1997) . In rainbow trout, these two proteins, which have been renamed CYP1A3 and CYP1A1, respectively (Nelson et al., 1996) , appear to be so closely related that they are di$cult to distinguish catalytically or physically (Gooneratne et al., 1997) . P4501A belongs to a superfamily of hemoproteins, the cytochromes P450, which are involved in the metabolism of a wide variety of xenobiotics, including polycyclic aromatic hydrocarbons (PAHs) (Stegeman and Hahn, 1994) . As in higher vertebrates, induction of cytochrome P4501A in "sh involves the aryl-hydrocarbon receptor (AhR) (Sadar et al., 1996) . The AhR mediates the toxicity of dioxins to animals in general . Thus, at the very minimum, induction indicates one pathway of action at the cellular level and a possible route to the expression of toxicity. In mammals, the ability to induce P4501A can be an indicator of carcinogenicity because metabolism of the inducer by P4501A leads to a reactive intermediates (Ioannides and Parke, 1993) . Information on the relationship between P4501A induction and carcinogenicity in "sh is rather limited.
Extending knowledge of what compounds are EROD inducers in "sh enhances the usefulness of P4501A as a biomarker. Many "eld studies have found elevated EROD activity or other measures of enhanced CYP1A expression in "sh that have been exposed to point sources of various contaminants (reviewed in Bucheli and Fent, 1995) . Most commonly, the chemistry of the contamination is complex and the inducing capacity of only a small fraction of the compounds is known. For example, PAHs are ubiquitous environmental contaminants (Law and Biscaya, 1994) , and 16 of them have been designated USEPA priority pollutants (Callahan et al., 1979 ). Yet, relatively little is known about the spectrum of PAHs that are able to induce EROD activity in "sh (Gerhart and Carlson, 1978) .
The relative ability of a compound to induce EROD activity can be applied in the toxic equivalency approach for evaluating the potential toxicity of complex chemical mixtures (Eadon et al., 1986) . Usually, the toxic equivalency approach has been applied to mixtures of planar chlorinated hydrocarbons (PCHs) (Safe, 1987 (Safe, , 1990 , but the possibility of applying it to PAHs has been reviewed recently (Nisbet and LaGoy, 1992; Delistraty, 1997) . Central to this approach is the derivation of toxic equivalent factors (TEFs). Usually, TEFs estimate the potency of a compound relative to 2, 3, 7, , which is the most toxic PCH and is assigned a TEF value of one. In this case, a TEF converts the dose of the compound to the dose of TCDD that would produce the same response (Safe, 1990) . Thus, for a complex environmental mixture, the concentrations of the individual contaminants can be expressed as TCDD equivalent concentrations (TECs) and added together to give a single TEC for the mixture. The derivation of TEFs has been done through toxicity tests that monitor responses usually mediated by the AhR. A common response has been the induction of EROD or aryl hydrocarbon hydroxylase (AHH) activity in liver cell lines (Safe, 1987; Bols et al., 1997) . For PCHs, the TEFs derived with the rat hepatoma cell line H4IIE di!ered to varying degrees from TEFs derived with the rainbow trout liver cell line RTL-W1 (Clemons et al., 1994 (Clemons et al., , 1996 Bols et al., 1997) . Recently, TEFs for seven PAHs have been derived with H4IIE (Willett et al., 1997) , but TEFs have yet to be derived with a "sh cell line.
Therefore, in this article, 24 unsubstituted PAHs, including the 16 USEPA priority PAHs, have been screened for their ability to induce EROD activity in the rainbow trout liver cell line RTL-W1. Thirteen PAHs were found to be inducers and their induction potency was expressed relative to both TCDD (TCDD TEFs) and benzo[a]pyrene (BaP) (BaP TEFs).
MATERIALS AND METHODS

Polycyclic Aromatic Hydrocarbons
PAHs were purchased from several sources in crystallized form with slightly di!erent levels of purity. Sigma Chemical Co. (St. Louis, MO) was the source for naphthalene (99%), acenaphthylene (99%), anthracene (99%), chrysene (95%), benzo[a]pyrene (98%), and dibenzo [a,i] Tables 3 and 4 ). The only other abbreviation used is B[g,h,i ]P for benzo [g,h,i] perylene.
PAHs were dissolved in dimethyl sulfoxide (DMSO, BDH, Inc., Toronto, ON, Canada) to yield stock solutions of 0.5 to 1 mg/ml. For some PAHs, particularly the higher molecular weight compounds, solubilization was slow and required shaking overnight. The PAH stock solutions were serially diluted in DMSO to give 200 times the "nal concentration required by each design treatment. These working solutions were stored at room temperature, protected from light in 1.5-or 5-ml amber screwcap vials (Kimble, VWR Canlab, Mississauga, ON, Canada).
The concentrations of PAHs in most working solutions were con"rmed by HPLC, and these concentrations were used to apply the correct dose to culture wells. Samples were prepared for HPLC by adding 2.5 l working solution to a 500-l aliquot of 50% HPLC-grade acetonitrile (BDH, Inc., Toronto, ON, Canada) and 50% Milli-Q "ltered distilled water in 1.5-ml amber screwcap vials. HPLC was done with a System Gold liquid chromatograph with a System Gold 168 diode array detector and a Model 126 liquid chromatograph pump (Beckman Instruments, Inc., Mississauga, ON, Canada). Aliquots of 100 l from sample solutions were loaded manually onto a 25-cm LC-18 column (Supelco, Mississauga, ON, Canada). PAHs were eluted with 75% HPLC-grade acetonitrile and 25% Milli-Q "ltered distilled water at a #ow rate of 1 ml/min. Detection of PAHs was done at 254 nm with a 30-nm bandwidth. The peak areas of unknown samples were compared to those of individual standards or a PAH calibration mix (Supelco, Bellefonte, PA).
Maintenance of RTL-W1 and Their Exposure to PAHs and TCDD
The rainbow trout liver cell line RTL-W1 was grown in Leibovitz's L-15 with 5% fetal bovine serum (FBS), as detailed in the original description of this line (Lee et al., 1993) . Routine maintenance was done in 75-cm #asks and subcultivations were made from con#uent #asks with 0.1% trypsin. TCDD was purchased from Cambridge Isotope Laboratories (Woburn, MA) and prepared as described by Clemons et al. (1994) . Exposure of RTL-W1 to PAHs and TCDD was done in 48-well culture plates at 223C. Several variables were explored before standard exposure conditions were adopted. First, the number of cells added per well was varied from 15,000 to 70,000, while the exposure to TCDD and several PAHs was kept constant at 48 h. Second, for culture wells initiated with 50,000, cells the exposure period was varied from 12 to 120 h. From these studies, a standard protocol was used: 50,000 RTL-W1 cells were added per well and 72 h later the culture wells were exposed to TCDD or a PAH for 24 h. The PAHs usually were tested over at least a 1000-fold concentration range, but in some cases the range was much larger (Tables 3 and 5 ). Exposures began with the addition of 2.5 l of the appropriate PAH or TCDD stock solutions to each culture well, which contained 500 l of L-15 with 5% FBS. Usually the edges of the PAH INDUCTION OF EROD ACTIVITY IN TROUT LIVER CELL LINE 48-well culture plates were wrapped with para"lm, but for naphthalene, the plates were sealed with airtight sterile foil in order to restrict evaporation. Exposures were terminated by removing the medium and rinsing each well with 100 l of phosphate-bu!ered saline (PBS).
After the exposure to TCDD, PAH, or DMSO (control), the cells in the 48-well culture plates were directly assayed for EROD activity (Whyte et al., 1998) , and in some cases, 7-methoxyresoru"n-o-deethylase (MROD) activity. MROD activity has been reported to be induced in mice by acenaphthylene and related tricyclic hydrocarbons (Chaloupka et al., 1994) . For assaying activity in RTL-W1, the reaction mixture consisted of 0.825 M of either 7-ethoxyresoru"n (ER) or 7-methoxyresoru"n (MR) in Dulbecco's Modi"ed Eagle's Medium (DMEM). DMEM, ER, and MR were purchased from Sigma (St. Louis MO). The DMEM formulation did not contain phenol red. This simple reaction mixture was similar to the reaction mixture in EROD assays with cell lines from other vertebrates (Hammond and Strobel, 1992; Hahn et al., 1996) . The assays were initiated by the addition of 250 l of reaction mixture per well and run with agitation on a plate shaker at 223C usually for 15 min. The #uorescent product, resoru"n, was measured with a #uorescence microplate reader (Perceptive Biosystems, Framingham, USA). This was either by Cyto#uor 2350 or the Cyto#uor 4000. For the 2350, the assay was read at sensitivity 4 with the following "lter combination: excitation C (530/30 nm) and emission C (595/35 nm). For the 4000, the EROD assay was monitored at gain 64 with the following "lter combination: excitation 530/25 and emission 590/35. Resoru"n standard curves were generated periodically in both machines in order to convert #uor-escent units to picomoles of resoru"n. For expression of this as speci"c activity (pmol resoru"n/mgP/min), the amount of protein in each microwell culture was determined with #u-orescamine as described by Lorenzen and Kennedy (1993) .
Western Immunoblotting
After exposure to either TCDD or #uoranthene, a few cultures were monitored by immunoblotting for the induction of CYP1A at the protein level. The procedures, including sodium dodecyl sulfate (SDS)}polyacrylamide gel electrophoresis and transfer to nitrocellulose, have been described previously in detail (Clemons et al., 1996) . The one change was to harvest the cells from 48-well plates as described by Hahn et al. (1996) . CYP1A was detected with rabbit anti-trout CYP1A1 } /KLH, which was a gift from Dr. C. Myers (Myers et al., 1993) .
Analysis of EROD/MROD Data
The data from each experiment over an exposure range, which usually consisted of 8 to 10 concentrations, were examined by a one-way analysis of variance (ANOVA). If the P value was greater than 0.05, the PAH was concluded not to be an EROD inducer over this concentration range. If the P value was less than 0.05, the PAH in most cases, but not all, was concluded to be an EROD inducer. The precise conclusion required further analysis of the experiments with a P value of less than 0.05 by the Student}Newman}Keuls multiple comparisons test. In most cases, the EROD activities for two or more consecutive concentrations were significantly higher than the EROD activity for the two lowest PAH concentrations being tested. For these experiments, the PAH was concluded to be an EROD inducer. In a few cases, the EROD activities for two concentrations were signi"cantly higher than the EROD activities for the two lowest PAH concentrations being tested, but these signi"-cant values were not consecutive concentrations among the doses being tested. In these cases the PAH was judged not to be an inducer. The occasional appearance of one or two signi"cant values is attributed to #uctuations in the basal activity between microwell cultures and random experimental error. This interpretation is supported by several observations. First, the EROD activities that were judged signi"cant in these cases were always very low and in the range observed for mean basal activity (2.10 pmol resoru"n/mgP/min$1.23; n"135). Second, repeating the experiment never resulted in signi"cant EROD activity for the same PAH concentration.
Analysis of Dose}Response Curves for EROD Induction
For those PAHs that induced EROD activity, the dose}response curves were analyzed by using the SigmaPlot nonlinear curve-"tting module (Jandel Scienti"c, San Rafael, CA). The function is a four-parameter logistic equation,
where f (x) is the EROD response, x is the inducer concentration, a is the range from the EROD minimum to the EROD maximum, b is the slope coe$cient, c is the EC , and d is the minimum EROD response. EC is the concentration eliciting 50% of the maximal response.
The EC s and the EROD maxima for the di!erent PAHs and TCDD were compared by ANOVA. For the EC s, the log-transformed values were used because the standard deviations of the data in most cases were proportional to the means (Zar, 1974) . As the P values for the ANOVA tests were less than 0.05, the data were further examined by the Student}Newman}Keuls multiple comparisons test. 120 BOLS ET AL.
FIG. 1.
Comparison of the induction by TCDD in RTL-W1 of EROD and MROD activities. Microwell cultures were exposed to di!erent 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) concentrations for 24 h prior to being assayed for 7 ethoxyresoru"n-o-deethylase (EROD) or 7 methoxyresoru"n-o-deethylase (MROD) activities as described under Materials and Methods. Each TCDD concentration was applied to three wells. The mean activities (pmol resoru"n/mgP/min) are presented along with their standard error of means. The graph represents one of two independent experiments.
Calculation of Toxic Equivalency Factors
The relative ability of PAHs to induce EROD activity was expressed in several di!erent ways. The TCDD TEF was the EC for TCDD divided by the EC for the PAH being evaluated. The BaP TEF was the EC for BaP divided by the EC for the PAH being evaluated. These TEFs can be calculated from individual experiments or from the mean EC s from multiple experiments. The two methods can give slightly di!erent values but the di!erences are not profound. Inasmuch as TEFs are meant to express order of magnitude di!erences, a TEF for a PAH has been calculated by dividing the mean EC for the reference compound by the mean EC for the PAH.
RESULTS
Induction of EROD vs MROD
TCDD, BaP, DBA, and benzo[e]pyrene were tested for their ability to induce EROD and MROD activities. Both activities were induced and the dose}response curves paralleled one another (Fig. 1) . However, for each compound, the maximum MROD activity was approximately 35% of the maximum EROD activity. As a result, MROD activity was not used routinely to evaluate the induction potency of PAHs.
Conditions for EROD Induction by TCDD and Selected PAHs
EROD activity was induced in RTL-W1 after exposures to TCDD for 12 to 120 h. The shapes of the dose}response curves were similar for all exposure periods and the same as those presented previously ). The EC s were similar for the di!erent exposure periods (Table 1) . Previously the EC s for EROD induction by TCDD in RTL-W1 were seen to be independent of exposure times from 6 to 72 h . Over the range of 15,000 to 70,000 cells, the cell density had no e!ect on the EC for EROD induction by TCDD ( Table 2 ). The maximum EROD activity also indicated little change with exposure time (Table 1) or with cell density (data not provided). Therefore, the induction of EROD activity by TCDD appeared independent of a wide range of exposure times and cell densities.
For the PAHs, some aspects of the dose}response curves for EROD induction were in#uenced by exposure time and cell density, while others were not. The curves appeared sigmoidal up to the point of maximum EROD activity. However, as either the induction period or initial cell density was increased, these curves were shifted to the right (Figs. 2 and 3 ). This meant that the EC s increased. For BkF, the increase was approximately 10-fold as the exposure time increased from 12 to 120 h ( Table 1) . As the initial cell density was increased from 15,000 to 70,000 cells per well, the EC s for BaP, BkF, Chr, and triphenylene increased 2-to 5-fold (Table 2) . On the other hand, the maximum EROD activity did not appear to depend on the induction conditions (Table 1 ; Figs. 2 and 3) . Maximum activity was observed at several PAH doses, resulting in a plateau that spanned approximately a 4-fold range of concentrations. This plateau shifted to the right as the induction period or initial cell density was increased (Figs. 2 and 3). At extremely high concentrations, EROD activity dropped precipitously (Figs. 2 and 3 ), but this did not appear to be due to cytotoxicity, as the phase contrast appearance of the cultures was unchanged. For the routine screening of PAHs for their EROD-inducing potential, cultures of 50,000 cells per well were exposed for 24 h to concentrations up to that necessary to achieve a plateau of maximal activity.
EROD-Inducing PAHs
Thirteen PAHs consistently induced EROD activity in RTL-W1 (Table 3) . In many cases, their EC s for induction were statistically di!erent from one another ( P(0.05). On this basis, the 13 inducing PAHs could be divided into eight categories. The most potent PAH was BkF, with an EC signi"cantly lower than the EC for all other PAHs. Slightly less potent were dibenzo[a,i]pyrene, DBA, and BaP, whose EC s were not signi"cantly di!erent from one another. Another even less potent group, in which the member EC s were similar to one another, consisted of BbF, pentacene, and benzo [b] anthracene. Although these two groups were signi"cantly di!erent from one another, IdP ᭜ One-way ANOVA test to compare means was not signi"cant (P(0.05). * One-way ANOVA tests to compare means within each row were signi"cant (P'0.05).
Pairs of means were compared by Student}Newman}Keuls multiple comparisons tests.
?@AB Means within each row with the same letter were statistically di!erent from each other.
FIG.
2. E!ect of exposure time on the induction of EROD activity in RTL-W1 by BkF. Microwell cultures were exposed to di!erent benzo[k]#uoranthene (BkF) concentrations for 12 to 120 h before being assayed for 7-ethoxyrsoru"n-o-deethylase (EROD) activity as described under Materials and Methods. Each BkF concentration and exposure period was applied to three wells. The mean activities (pmol resoru"n/ mgP/min) are presented along with their standard error of means. The graph represents one of four independent experiments. 3 . E!ect of initial cell density on the induction of EROD activity in RTL-W1 by BaP. Microwell cultures that had been initiated at varying cell densities were exposed to di!erent benzo[a]pyrene (BaP) concentrations for 48 h before being assayed for 7-ethoxyresoru"n-o-deethylase (EROD) activity as described under Materials and Methods. Each BaP concentration and cell density were replicated in three wells. The mean activities (pmol resoru"n/mgP/min) are presented along with their standard error of means. The graph represents one of two independent experiments.
others. The maximum EROD activity was profoundly lower with benzo[e]pyrene and triphenylene and signi"cantly different (P(0.05) from the maximum for all other PAHs, except pentacene. The highest EROD activities were observed with BkF and IdP and these were signi"cantly di!erent ( P(0.05) from the maximum activities with all the other PAHs, except DBA and Chr.
TEFs for PAHs
The TEFs for the 13 PAHs capable of consistently inducing EROD activity in RTL-W1 are listed in Table 4 from most to least potent. For each PAH, TEFs were calculated relative to the EC for both TCDD and BaP. The range from the least potent PAH, triphenylene, to the most potent, BkF, was approximately 110-fold. Table 4 also lists the TCDD equivalency factors for the PAHs that were derived by Willett et al. (1997) with the rat hepatoma cell line H4IIE. The ranking was similar to that for RTL-W1. In H4IIE the order of potency was BkF'BbF'DBA'IdP'BaP' Chr'BA (Willett et al., 1997) , whereas in RTL-W1 the order was BkF'DBA'BaP'IdP'BbF'Chr'BA. Except for BaP and BA, the TCDD equivalency factors were 4-to 10-fold higher with H4IIE.
Inconsistently EROD-Inducing PAHs
Very low levels of EROD activity were induced only sporadically in RTL-W1 by two PAHs: B[g,h,i ]P and coronene. For three experiments in the 0.1}2.0 nM range, no induction was observed with B[g,h,i]P. However, when B[g,h,i]P was tested from 20 to 20,000 nM, EROD activity was signi"cantly elevated in two of four experiments. The maximum EROD activity was approximately double the level of the basal level activity in these experiments but was very low and less than 4 pmol/mgP/min. The mean EC for these two experiments was 118.13 nM$15.21. With coronene at between 0.1 and 100 nM, no EROD induction was observed, but induction did occur in three of eight experiments over the 50}2500 nM range. In these three experiments, the maximum activity was less than 6 pmol/ mgP/min and the mean EC was 626.58 nM$321.58.
Non-EROD-Inducing PAHs
For nine PAHs, no evidence of CYP1A induction was observed. Table 5 lists these PAHs and the range of concentrations that were tested without EROD activity being induced. During these experiments, signs of cytotoxicity, as judged by changes in phase contrast microscope appearance of cultures, were seen only at the highest concentrations of acenaphthylene. As well as EROD, MROD activity was assayed after exposure of RTL-W1 to acenaphthene, acenaphthylene, phenanthrene, anthracene, or #uorene, but again induction was not observed. For #uoranthene, di!erent treatment conditions were explored. Cultures were exposed to #uoranthene in medium with calf serum, Cool calf serum and no serum, as well as FBS. Exposure times were varied from 6 h to 18 days. No EROD induction was observed after any of these treatments. Finally, immunoblotting with rabbit anti-trout CYP1A of cell extracts from cultures exposed to #uoranthene failed to reveal induction of CYP1A but did for cell extracts from TCDD-exposed cultures.
DISCUSSION
Twenty-four PAHs have been examined for their ability to induce EROD activity in the rainbow trout liver cell line RTL-W1. Thirteen, including 7 priority pollutant PAHs, have been identi"ed as inducers. Of these 13, just B[a]P and chrysene have been studied in vivo with "sh. Both B[a]P and chrysene induced EROD and P4501A levels in carp (van der Weiden et al., 1994) , but only B[a]P elevated AHH activity in rainbow trout (Gerhart and Carlson, 1978) . The failure of chrysene to be an inducer in vivo with rainbow trout could have been due to the concentration being too low and/or to experimental variables, such as sex and temperature, which can modify AHH and EROD induction in "sh (Lech et al., 1982; Bucheli and Fent, 1995) , being detrimental to the detection of AHH induction by this weak inducer. Eleven of the 24 PAHs were noninducers or border-line inducers in RTL-W1. Previously, intraperitoneal injection or waterborne exposure to 3 of these (#uoranthene, ? U.S. EPA priority PAHs (Callahan et al., 1979) .
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pyrene, and phenanthrene) failed to induce AHH activity in rainbow trout (Gerhart and Carlson, 1978) , and a fourth one, B[g,h,i]P, caused no change in EROD or P4501A levels in carp (van der Weiden et al., 1994) . Unlike rainbow trout, carp demonstrated induction of EROD activity and P4501A protein in response to pyrene and induction of P4501A protein but not EROD activity in response to #uoranthene, although the induction patterns were inconsistent (van der Weiden et al., 1994) . Despite the limited in vivo data, the response of RTL-W1 to PAHs appeared to be similar to the in vivo response of rainbow trout. This is also supported by results with two PAHs that were not part of this study. Previously, -naphtho#avone and 3-methylcholanthrene (MC) have been found to induce EROD activity in RTL-W1 (Lee et al., 1993; unpublished) and induce AAH or EROD activity in the liver of rainbow trout that have been exposed either in water or by intraperitonial injection (Pedersen et al., 1976; Statham et al., 1978; Haasch et al., 1993; Gooneratne et al., 1997) .
Several of the PAHs that induced EROD activity in RTL-W1 have also been reported to induce AHH or EROD activity in another piscine cell line and in both mammalian and avian cells. As well as RTL-W1, the topminnow hepatoma cell line (PLHC-1) responded to BkF, BaP, BbF, Chr, and BA with the induction of EROD activity (Villenueve et al., 1995) . BkF, DBA, IdP, BaP, and Chr were inducers in RTL-W1 (this study), the rat hepatoma cell line H4IIE (Willett et al., 1997; Piskorska-Pliszczynska et al., 1986) , and chick embryos (BrunstroK m et al., 1991) . Several PAHs identi"ed as EROD inducers in RTL-W1 appeared not to have been identi"ed as inducers previously. These were dibenzo [a,i]pyrene, benzo[b] anthracene, pentacene, and triphenylene. Among the set of PAHs that did not induce EROD activity in RTL-W1, many also have been found not to induce in H4IIE (Piskorska-Pliszczynska et al., 1986; Willett et al., 1997 Willett et al., , 1998 . Perylene, B[g,h,i]P, and coronene were borderline or noninducers in RTL-W1 and very weak inducers in chick embryos (BrunstroK m et al., 1991) . For 124 (Callahan et al., 1979) . ? U.S. EPA priority PAHs (Callahan et al., 1979) . @ Crystal formation was observed at the highest concentrations tested.
H4IIE, the inducing PAHs generally had much higher a$nity for the AhR than the noninducing PAHs (PiskorskaPliszczynska et al., 1986; Willett et al., 1997) . Inasmuch as RTL-W1 responded to a similar set of PAHs, the ability of some and not other PAHs to induce EROD activity likely re#ects their a$nity for the rainbow trout AhR.
Although not the focus of this study, a few generalizations about the structural requirements for unsubstituted PAHs to act as inducers in RTL-W1 were possible. Between four and six fused aromatic rings were required but were not always su$cient. Among the nonalternant PAHs, which are those containing an odd-numbered ring (Harvey, 1991) , the inducers consisted of #uorene and at least one laterally fused benzo ring. Among the alternant PAHs, which are those containing only benzenoid and fused benzenoid rings (Harvey, 1991) , most but not all the inducers had a phenanthrene moiety with at least one angular singly fused benzo ring. The latter generalization had been noted previously from induction data with H4IIE (Piskorska-Pliszczynska et al., 1986) . However, with RTL-W1 there were two exceptions, benzo [b] anthrancene and pentacene, which consist of just four and "ve laterally fused benzo rings, respectively.
The potency of the PAHs capable of inducing EROD activity was expressed and compared in several di!erent ways. The potency ranking in the rainbow trout liver cell line (RTL-W1) was similar to the potency ranking obtained by Willett et al. (1997) in the rat liver cell line (H4IIE). For each PAH, the concentration that elicited 50% of maximal activity (EC s) was lower with RTL-W1, which suggests that for EROD induction at least, the RTL-W1 cell line was more sensitive than H4IIE. In the case of BaP the EC was 10-fold lower in RTL-W1. The ability of PAHs to induce EROD activity was expressed relative to the ability of BaP (BaP TEFs). BaP TEFs were calculated from data with H4IIE (Willett et al., 1997) and were found to be 3.5-to 5-fold higher than with RTL-W1 except for BbF, which was approximately 9-fold higher, and BA, which was approximately 3-fold higher with RTL-W1. Delistraty (1997) has reviewed the relative potencies of di!erent PAHs based primarily on carcinogenic endpoints. These generally agree with the RTL-W1 results as far as the assignment of PAHs into highly potent and weakly potent groups. However, the values for individual PAHs di!er considerably, with the values among the most potent group generally being higher with RTL-W1.
EROD induction by PAHs di!ered in at least two ways from EROD induction by TCDD, and these di!erences made expressing the induction potency of PAHs relative to TCDD more subject to the experimental protocol. First, the induction potency of PAHs decreased as the exposure time was increased, whereas exposure time had little in#uence on the potency of TCDD. Previously, induction period had been found to have little or no e!ect on the EC for TCDD in RTL-W1 . Second, the induction potency of PAHs declined as the number of cells per culture well increased, but TCDD potency as unchanged by cell number. Both of these phenomena likely can be explained by the amount of PAH inducer being progressively reduced through metabolism as these parameters were increased, whereas TCDD was not metabolized and was insensitive to these parameters. In mammalian cell lines the potency of PAHs as inducers of P4501A also has been found to decline as exposure time was lengthened. In H4IIE, a 72-h exposure to BaP did not result in EROD induction (Piskorska-Pliszczynska et al., 1986 ) but a 24-h one did (Houser et al., 1992 ). The EC s for the induction of AHH activity by BA in Hepa-1 cells and in human MCF-7 cells were approximately seven-fold higher at 24 h than at 6 h (Jaiswal et al., 1985) . Likewise, Riddick et al. (1994) found that in the mouse hepatoma cell line Hepa-1 the potency of MC for AHH induction declined over 16 h, as the metabolism of MC increased. These results have been attributed to metabolic inactivation of the PAH as an inducer by the induced enzyme. In contrast to PAHs, TCDD has been reported to be metabolized poorly by cells in vitro (Olson et al., 1994) . The result of these di!erences in the current study was that when expressed relative to TCDD, the TEFs for PAHs declined under induction conditions favoring metabolism, which were long induction periods and high cell numbers.
Previously, TEFs have been derived in RTL-W1 for four dioxins, four furans, and seven PCBs Clemons et al., 1997) . The TCDD TEFs for the PAHs were much smaller than the values for dioxins and furans. For the eight most potent PAHs, the TCDD equivalency factors were lower than the values for most of the non-ortho PCBs, but higher than the values for the mono-ortho PCBs. The "ve least potent PAHs had TEFs in the same range as the mono-ortho PCBs. TEFs for PAHs were likely based on their relative ability to induce P4501A and their susceptibility to metabolism, but the TEFs for the PCHs likely re#ec-ted just their relative ability to induce P4501A.
In comparison to TEFs derived with H4IIE for PAHs (Willett et al., 1997) and for PCHs Clemons et al., 1997) , the RTL-W1 TEFs generally were lower for the PAHs and coplanar PCBs and higher for the dioxins and furans. The magnitude of the di!erences between mammalian and piscine TEFs was greatest for the PAHs. Among the PAHs, the largest di!erence was for BbF, which was approximately 10-fold higher in H4IIE. For speci"c PAHs, these di!erences likely can be attributed to di!erences between "sh and mammals in the activation of AhR-signal transduction system and/or in PAH metabolism. From an environmental risk assessment point of view, the di!erences in mammalian and piscine TEFs for the PAHs could make a substantial di!erence in the calculation of TCDD equivalent concentrations, but the magnitude of the di!erence would very much depend on the composition of PAHs in an environmental extract.
CONCLUSIONS
The rainbow trout liver cell line RTL-W1 was used to rapidly and inexpensively screen PAHs for their capacity to induce EROD activity, and thus, indirectly, their ability to activate the aryl hydrocarbon receptor signal-transduction system. With a few exceptions, the distinction between inducers and noninducers was clear and broadly similar to the limited data on whole "sh. The potencies of the inducing PAHs indicated approximately a 110-fold range and could be expressed relative to either BaP or TCDD. Unlike the potency of TCDD, the potencies of the BaP and other inducing PAHs was sensitive to culture conditions. Therefore, the toxic equivalency approach for PAHs appears to be more problematic than for PCHs: toxic equivalency factors derived in vitro for PAHs could change signi"cantly with di!erent culture conditions.
